ABSTRACT
questionable. NGF also causes hiamine release from rat peritoneal mast cells in vitro, and we have shown elsewhere that it causes significant, dose-dependent, generalized mast cell proliferation in the rat in vivo when adminlstered neonatally. Our experiments now indicate that NGF causes a significant stimulation of granulocyte colonies grown from human peripheral blood in standard hemopoietic methylceilulose assays.
Further, NGF appears to act in a relatively selective fashion to induce the differentiation of eosinophils and basophils/mast cells. Depletion experiments show that the NGF effect may be T-cell dependent and that NGF augments the colonystimulating effect of supernatants from the leukemic T-cell (Mo) line. The hemopoietic activity of NGF is blocked by polyconal and monoclonal antibodies to NGF. We conclude that NGF may indirectly act as a local growth factor in tissues other than those of the nervous system by causing T cells to synthesize or secrete molecules with colony-stimulating activity. In view of the synthesis of NGF in tissue injury, the involvement of basophils/mast cells and eosinophils in allergic and other inflammatory processes, and the association of mast cells with fibrosis and tissue repair, we postulate that NGF plays an important biological role in a variety of repair processes.
Nerve growth factor (NGF) is a well-characterized neurotrophic polypeptide synthesized in parts of the brain and nervous system. The amino acid sequence is established, with greater than 90% identity existing between the murine and human forms (1) (2) (3) (4) . NGF is necessary for the development and function of sympathetic and embryonic sensory cells, and its biological activity is mediated through interaction with specific receptors found on normal or neoplastic target cells derived from the neural crest. Despite its name, NGF may have broader biological functions, placing it in the family of peptide growth factors. For example, NGF causes degranulation of rat peritoneal mast cells (5) , induces shape changes in platelets (6) , and accelerates wound healing (2, 7). Since NGF injections in vivo cause mast cell numbers to increase in various tissues of neonatal rats (8) (9) (10) (11) , we explored the effect of NGF on human hemopoietic colony formation, with particular emphasis on basophil/mast cell colonies.
We have previously shown that basophil/mast cell progenitors, a subpopulation of eosinophil colony-forming cells (12) , circulate in normal human subjects (13) , are increased in atopic subjects (14) , and are found in the nasal mucosa of patients with nasal polyps (15) (16) (17) . Basophil/mast cell and eosinophil differentiation-promoting factors are produced by human nasal polyp and allergic rhinitis mucosal epithelial scrapings in vitro, suggesting the importance of locally derived factors in the regulation of numbers of these specialized granulocytes in allergic inflammation (17, 18) . We have also shown extensive mast cell/nerve structural membranemembrane associations in normal and inflamed rat intestines (9, 10) . Mast cell/nerve interactions may be important in various forms of neurogenic inflammation, in vivo and in the homeostatic regulation of various internal physiologic parameters (19) (20) (21) (22) . We now hypothesize that NGF plays an accessory role in the regulation of basophil/mast cell growth and differentiation in allergic and nonallergic inflammatory processes.
MATERIALS AND METHODS
Hemopoietic Cell Assays and Cultures. Mononuclear cells were separated from heparinized, normal human peripheral blood and plated in methylcellulose cultures. After macrophages/monocytes were removed by adherence to plastic at 370C for 2 hr, nonadherent mononuclear cells (NAMC) were cultured in methylcellulose. Briefly, 1 x 106 NAMC were cultured in 0.9o methylcellulose in Iscove's modified Dulbecco's medium (GIBCO), 20% fetal calf serum (GIBCO), penicillin at 100 units/ml, streptomycin at 100 pug/ml, and 5 ,uM 2-mercaptoethanol, with or without 5% (vol/vol) conditioned medium (CM) derived from a human T-cell line (Mo-CM) at 370C in a humidified atmosphere flushed with 5% CO2 in air. On the 14th day of culture, granulocyte and macrophage colonies made up of more than 40 M-CSA, depending on the type of colonies stimulated in the presence of a given concentration of CM. Preparation and Isolation of NGF. NGF was isolated in the 2.5S form from murine submaxillary glands according to methods previously described (23) (24) (25) (26) (27) 27 kDa. Electrophoresis of the 2.5S NGF at 1 mg/ml in a 16% polyacrylamide gel containing 0.1% sodium dodecyl sulfate (NaDodSO4/PAGE) showed the only stained bands (silver stain) to be the expected doublet at 13.5 kDa, with some minor diffuse staining at the buffer front (probably degradation products). This material was further characterized by 1251I-labeled rabbit polyclonal anti-NGF and a murine monoclonal anti-NGF by immunoprecipitation after electroblotting (see below). The 2.5S NGF affinity-purified preparation eluted as a single protein peak on a TSK 3000 HPLC column (Beckman) with a retention time that corresponded to 27 kDa (2.5S NGF dimer).
Neurotropic biological activity was measured in the dissociated cell assay, using neonatal mouse superior cervical ganglion neurons (28, 29) ; half-maximal response was at 1 ng/ml. The 7S form of NGF was prepared according to a modification of the procedure of Varon et al. (25) ; it also had half-maximal activity in the dissociated cell assay at 1 ng/ml. NGF Used in Colony Assays. Various concentrations of2.5S NGF (5-500 ng/ml) were added to the methylcellulose cultures and CSA was determined. The monoclonal antibody was used to further purify NGF after the last column step, at which point it had already been shown to be pure by immunoblotting (above). The NGF was eluted with 0.1 M glycine.HCI buffer, and the eluate was concentrated and dialyzed against PBS. This material was highly active in the neurite outgrowth assay (26, 31) . RESULTS CSA of 2.5S NGF Preparation. As shown in Fig. 1 , NGF stimulated a dose-dependent increase in colonies, up to a mean total number of 19 colonies per 106 NAMC plated when used at concentrations between 5 and 500 ng/ml. Since the Mo T-cell line or lectin-stimulated T cells are known to produce colony-stimulating factors, including basophil/eosinophil growth-promoting activities (12-18, 29, 32), Mo-CM was used as a positive control; a mean total number of 35 colonies grew in the presence of 5% (vol/vol) Mo-CM. Although the maximal CSA of NGF (500 ng/ml) was about half that of Mo-CM, NGF augmented the effect of Mo-CM. The addition of NGF to NAMC in cultures with or without Mo-CM stimulated dose-dependent growth of both Eo-type and GM-type colonies but not of M-type colonies (Fig. 1) . In addition, NGF significantly increased the number of basophilic-cell-containing colonies at concentrations of50 and 500 ng/ml as well as the proportion of basophilic cells in Eo tSignificantly higher than Mo-CM at P < 0.05. Specificity of NGF Effect on Colony Growth. The specificity of the NGF-mediated colony growth was examined by the use ofboth polyclonal and monoclonal antisera to 2.5S NGF, both of which completely blocked the biological nervestimulating activity of NGF (28, 30) . As shown in Fig. 2 , a polyclonal antiserum at a dilution of 1:20 completely blocked CSA of 2.5S NGF at 500 ng/ml. An identical dose-response curve was obtained for monoclonal anti-2.5S NGF. In a single experiment (data not shown), affinity-purified NGF had the same CSA as described for the 2.5S preparation above. Accordingly, the rest of the experiments were performed with the 2.5S NGF preparation. 43.5 ± 0.9t Mo-CM was present at 5% (vol/vol) (+) or absent (-) as indicated. NGF was present at 500 ng/ml (+) or absent (-). Values are expressed as means ± SEM of five separate experiments. All statistical tests were done by analysis of variance and paired t tests (two-tailed). For all cell populations except -Mo-CM and -NGF, condition IV differed significantly from condition II, P < 0.02; conditions II and IV differed from condition III, P < 0.01. *P < 0.05, compared to -Mo-CM and -NGF for same cell population. tp < 0.05, compared to + Mo-CM and -NGF for same cell population.
by using rosetting with sheep erythrocytes treated with 2-aminoacetylisothiouronium bromide hydrobromide (Sigma) (33, 34 Our previous work suggesting the elaboration of nasal mucosal basophil/mast cell growth-promoting factors in nasal allergy (14) (15) (16) (17) (18) supports the concept that, in situ, growth and differentiation of hemopoietic cells are involved in allergic inflammatory disease. NGF is secreted by fibroblasts (46) and can induce in dose-dependent manner significant increases in mast cell numbers of both mucosal and connective tissue type, according to their normal predominance in a particular tissue, after injection into neonatal rats (8, 9) . Since NGF can also promote the effect of T-cellderived lymphokines or induce T cells to secrete CSA, NGF may play a significant role in both inflammation and tissue repair, as has already been suggested in wound-healing experiments (2, 7) . Indeed, NGF has been shown to possess a potent anti-inflammatory activity (2) and may thus form part of a family of peptide growth factors such as platelet-derived growth factor and transforming growth factor (TGF-a and TGF-p8), which are both produced in inflammation and play putative roles in both inflammation and tissue repair. Recently, interleukin 1 has been shown to induce granulocyte (G-) and granulocyte-macrophage (GM-) colony-stimulating factor (CSF) production by fibroblasts and endothelial cells (42, 43, 51, 52) , and tumor necrosis factor a has also been found to induce both G-CSF and GM-CSF (53) (54) (55) 
